The young human brain is highly plastic and thus early brain lesions can lead to aberrant development of connectivity and mapping of functions. This is why initially in cerebral palsy only subtle changes in spontaneous movements are seen after the time of lesion, followed by a progressive evolution of a movement disorder over many months and years. Thus we propose that interventions to treat cerebral palsy should be initiated as soon as possible in order to restore the nervous system to the correct developmental trajectory. One such treatment might be autologous stem cell transplantation either intracerebrally or intravenously. All babies come with an accessible supply of stem cells, the umbilical cord, which can supply cells that could theoretically replace missing neural cell types, or act indirectly by supplying trophic support or modulating inflammatory responses to hypoxia/ischaemia. However, for such radical treatment to be proposed, it is necessary to be able to detect and accurately predict the outcomes of brain injury from a very early age. This article reviews our current understanding of perinatal injuries that lead to cerebral palsy, how well modern imaging might predict outcomes, what stem cells are yielded from umbilical cord blood and experimental models of brain repair using stem cells.
introduction
In the developed world the incidence of cerebral palsy is high, around 2 per 1000 live births or higher [1, 2] . It is therefore a common condition that causes disability throughout life, which is often severe. Cerebral palsy is an umbrella term that covers a number of conditions including cerebellar ataxia and basal ganglia disorders amongst their symptoms, but this article will concentrate on the most common condition, spastic cerebral palsy (80% of cases) which arises out of insults primarily to the cerebral cortex and associated, subcortical white matter [3] . Causal pathways to cerebral palsy are many and may interact with each other, indeed multiple causes, including a genetic predisposition to infarction, may need to interact to produce a clinically significant injury [3, 4] In all, bilateral spasticity has a prevalence of 1.2/1000 live births [5] . Unilateral spasticity and weakness is also common (prevalence 0.6/1000 live births) with roughly one third of cases resulting from focal periventricular white matter lesions and one third involving cortical or deep grey matter lesions, mainly as a result of infarcts of the middle cerebral artery. A further fifth of such cases result from brain maldevelopments, mainly focal cortical dysplasia or unilateral schizencephaly [6] . More severe hypoxia or anoxia at the time of birth is associated with widespread injury of white and grey matter resulting in spastic quadraparesis along with severe cognitive deficits. In all cases perinatal lesions of the corticospinal system give rise to subtle but observable changes in spontaneous general movements without giving rise to the traditional neurological signs observed in older children and adults [7, 8] . There is a progressive evolution of the movement disorder over months and years.
perinatal brain injuries: causes and outcomes

Perinatal stroke leading to spastic hemiplegia
The incidence of stroke is highest in prematurely born babies compared to any other time of life, although the incidence for babies born at term is also high [9] . Approximately two thirds of children who suffer from perinatal stroke develop cerebral palsy and nine tenths of these will develop hemiplegic cerebral palsy [10] .
The impact on individuals and their families is substantial [11] and on reaching adulthood, affected individuals frequently do not have sufficiently skilful bimanual dexterity to be fully independent, which has a significant life-long impact on their mental health, quality of life and earning capacity [12] despite the majority having cognitive capacities within the normal range [13] . [39, 40] . In animal models, blocking microglial activation can protect the brain [41] .
In addition to white matter injury, the transient subplate zone of the developing cortex peaks in size between 24 and 32 gestational weeks [42] . It is located between the periventricular white matter and the smaller, developing cortical plate and has been shown to be vulnerable to H/I injury in the preterm [43] . It is relatively more mature than the cortical plate, having a better developed synaptic circuitry [44] and a higher expression of glutamate receptors that make its neurons relatively more vulnerable to excitotoxic injury Figure 1 . A summary of the causes of spastic cerebral palsy, and the particular outcomes they lead to. Asphyxia at birth may arise from prolapsed cord, intrapartum haemorrhage, uterine rupture or maternal cardiac arrest. As arrows indicate, multiple causes may combine to produce cerebral palsy [3] and may also interact with subtle genetic variations in individuals that cause predisposition to stroke [147] . PCW: post-conceptional weeks; PVWMI: periventricular white matter injury. [45, 46] other neurodevelopmental disorders at two years of age [52] . However, as has already been pointed out [53] only 31% of the cohort actually developed cerebral palsy and 51% a neurodevelopmental disability of any kind.
Furthermore, although only 5% of the cohort developed cerebral palsy when presenting with no or mild white matter abnormalities at TEA, and these were not significant predictors of a poor outcome, the greater size of the cohort presenting in this way meant that still a large number of infants were affected. Clearly, we are not at the stage yet when we could recommend invasive procedures to correct only potentially adverse outcomes. However, advances in imaging, including functional MRI (fMRI) and diffusion tensor imaging in newborns to assess long range connectivity and cortical network activity [54, 55] and in conjunction with electro-encephalographic investigations [56] may increase our powers of prediction. and beta-mercaptoethanol [96] . These induced [111] . The therapeutic beneficial effects of cord blood transplants appear to be dependent on the timing of transplantation after injury [111] , the cord blood cell dose [112] and the method of cell transplantation [113] .
stem cells from umbilical cord blood
Intravenous infusion was suggested to be more effective than direct delivery of cells into the injury site [113] MSCs in amyotrophic lateral sclerosis [126, 127] and multiple sclerosis [126] . All these studies 
Conclusion
Although many issues still remain to be resolved, the use of autologous cord blood stem cell transplantation has the potential to be a safe and effective treatment option, alongside other therapies, and gives hope that we could actually treat, rather than manage, the symptoms of cerebral palsy (Figure 2) . 
